Background: Epidemiologic studies are consistent in finding that women who have had at least one birth are less likely to develop endometrial cancer. Less clear is whether timing of pregnancies during reproductive life influences risk, and the degree to which incomplete pregnancies are associated with a reduced risk. Methods: We evaluated pregnancy history in relation to endometrial cancer risk using data from a series of 4 population-based endometrial cancer case-control studies of women 45-74 years of age (1712 cases and 2134 controls) during 1985-2005 in western Washington State. Pregnancy history and information on other potential risk factors were collected by in-person interviews. Results: Older age at first birth was associated with a reduced risk of endometrial cancer after adjustment for number of births and age at last birth (test for trend P ϭ 0.004). The odds ratio comparing women at least 35 years of age at their first birth with those younger than 20 years was 0.34 (95% confidence interval ϭ 0.14 -0.84). Age at last birth was not associated with risk after adjustment for number of births and age at first birth (test for trend P ϭ 0.830). Overall, a history of incomplete pregnancies was not associated with endometrial cancer risk to any appreciable degree. Conclusions: In this study, older age at first birth was more strongly associated with endometrial cancer risk than was older age at last birth. To date, there remains some uncertainty in the literature on this issue.
METHODS
Data were pooled from 4 population-based case-control studies [2] [3] [4] [5] of endometrial cancer conducted over a 20-year period in western Washington State. [2] [3] [4] [5] All 4 studies used similar data collection protocols and study questionnaires. Each study was approved by the Institutional Review Board of the Fred Hutchinson Cancer Research Center, and informed consent was obtained in writing from each participant.
Case Ascertainment
Cases were women with histologically confirmed endometrial adenocarcinoma, diagnosed between 45 and 74 years of age in King, Pierce, or Snohomish Counties during 1985-1991, 2 1994 -1995, 3 1997-1999, 4 or 2003-2005. 5 All cases were identified through the Cancer Surveillance System, a population-based cancer registry in western Washington State that is affiliated with the National Cancer Institute's Surveillance, Epidemiology, and End Results Program. Of a total of 2324 women who were eligible to be included as a case in one of the 4 studies, 1716 (74%) were interviewed, 162 died before they could be interviewed, and 446 either declined to be interviewed or their physician instructed us not to contact them. Of the 1716 women who were interviewed, one was excluded because of poor-quality interview data, one was excluded because she was later found to not have endometrial cancer, one was excluded because her interview data were lost, and one was excluded because we did not have information on her parity. A total of 1712 cases remained for analysis.
Control Ascertainment
For the 4 time periods of case ascertainment, control women were identified as follows. For reference years 1985-1991 (ages 45-74 years), 1994 -1995 (ages 50 -64 years), and 1997-1999 (ages 50 -65 years), eligible controls were identified by random-digit dialing 6 and included only women with no history of endometrial cancer who also had an intact uterus. Across these 3 time periods, the screening response was 95% and the interview response was 77%, for an overall random-digit dialing response (screening response ϫ interview response) of 73% (1411 women interviewed). In addition, for time periods 1994 -1995 and 1997-1999 , Health Care Financing Administration files were used to identify eligible controls 65-69 years of age. Of the eligible women identified from these files, 66% (116 women) were interviewed. The controls identified by either process were frequency-matched to cases by 5-year age group and county of residence. Controls were assigned a reference date (year and month); the year was assigned so as to approximate the distribution of the year of diagnosis of the cases, and the month was assigned randomly. The control population for reference years 1994 -1995 and 1997-1998 additionally included a subset of control women from a population-based case-control study of breast cancer (Women's Contraceptive and Reproductive Experiences Study). 7 Participants in the breast cancer study were asked questions about pregnancy history and other exposures relevant to endometrial cancer risk (similar to those asked of participants in the endometrial cancer studies described here). Control women in the breast cancer study were identified by random-digit dialing; the screening response was 84% and the interview response was 88%, for an overall random-digit dialing response of 74%. We restricted the controls from the breast cancer study to women who at the time of their reference date, 1994 -1995 or 1997-1998, had an intact uterus, were residents of King County and were 50 -64 years of age (252 women).
For reference years 2003-2005, controls were a subset of control women from a population-based case-control study of ovarian cancer. 8 Women in this study were also asked questions about pregnancy history and other exposures similar to those asked of participants in the endometrial cancer studies described here. Control women in the ovarian cancer study were identified by random-digit dialing; the screening response was 82% and the interview response was 84%, for an overall random-digit dialing response of 69%. We restricted the control women to those who, at the time of their reference date, 2003-2005, had an intact uterus, were residents of King, Pierce, or Snohomish Counties and were 50 -74 years of age (356 women). In total, across all reference periods, 2135 controls were interviewed; one control was later found to be ineligible and was excluded, leaving a total of 2134 controls for analysis.
Exposure Ascertainment
In each of the 4 studies, 2-5 most participants were interviewed in person by trained personnel; a small proportion was interviewed by telephone. Questions were asked about events that occurred before the diagnosis of endometrial cancer in the cases, or before the assigned and comparable reference date in the controls. Information was collected about demographic and lifestyle characteristics, medical history, and reproductive history-including menstrual, pregnancy, and contraceptive history and use of noncontraceptive hormones. To enhance participants' recall of prior exposures and events, a life-events calendar and photographs of contraceptive and noncontraceptive hormones were used during the interview; photographs had been mailed to participants who were interviewed by telephone.
The pregnancy-history variables that we examined were defined as follows. A woman was classified as parous if she had ever given birth (single or multiple birth) to at least one infant who showed signs of life after separation from the mother (a live birth), or if she had ever had a single or multiple birth at 20 weeks or greater gestation that did not result in a live birth (a stillbirth). Each live birth or stillbirth was counted as a "birth" (a multiple birth was counted as one birth). A woman was classified as nulliparous if she had not had at least one birth. An incomplete pregnancy was defined as either a miscarriage (less than 20 weeks' gestation) or an induced abortion. Parous women were also queried about their age at their first birth and, if they were multiparous, their age at their last birth.
Statistical Analysis
Unconditional logistic regression was used to compute odds ratios (ORs) and 95% confidence intervals (CI) of endometrial cancer associated with each pregnancy history variable. All odds ratios were adjusted for the following variables on which cases and controls had been frequency matched: reference age, reference year, and county of residence. We also adjusted all odds ratios for factors that consistently have been shown to be related to endometrial cancer incidence: body mass index (BMI; weight ͓kg͔/height ͓m͔ 2 ), use of certain estrogen therapy regimens (defined below), and duration of use of oral contraceptives. After adjustment for the factors listed above, we additionally adjusted for variables that changed the risk estimate by at least 10% among the following: race, education, and cigarette smoking. Only cigarette smoking met this criterion for confounding, and only in the analysis of age at first birth. To have comparability in adjustment factors across the risk estimates for age at first birth and age at last birth, we also adjusted for cigarette smoking in the analysis of age at last birth. All adjustment factors were categorized as shown in Table 1 except for race, which was categorized as white, black, Native American, Asian, and other. On the basis of data collected in these studies, categories of estrogen therapy were defined as follows: (1) never-users: women who had never used unopposed estrogen or an estrogen plus progestin with fewer than 10 days of progestin per month for Ն6 months; (2) medium-risk: women who had used unopposed estrogen for 6 months to 4 years, regardless of their recency of use, or who had used unopposed estrogen for 4 to 8 years and quit at least 67 (22) 66 (26) 309 (22) 455 (24) 60-64 63 (21) 43 (17) 353 (25) 453 (24) 65-59 52 (17) 30 (12) 326 (23) 337 (18) 70-74 30 (10) 15 (6) 139 (10) 121 ( (24) 57 (22) 321 (23) 484 (26) 1989-1991 62 (20) 51 (20) 376 (27) 522 (28) 1994-1995 24 (8) 29 (11) 112 (8) 182 (10) 1997-1999 57 (19) 46 (18) 278 (20) 407 (22) 2 years previously, or women who had used a sequential estrogen and progestin regimen with Ͻ10 days per month of progestin for up to 12 years regardless of their recency of use; and (3) high-risk: women who had used unopposed estrogen for Ͼ4 to 8 years and quit within the last 2 years, or women who used unopposed estrogen for Ͼ8 years, regardless of recency, or used a sequential estrogen and progestin regimen with Ͻ10 days per month of progestin for Ͼ12 years, regardless of recency.
To separate the independent effects of the pregnancy history variables, some analyses were also adjusted for other pregnancy history variables. Analyses were restricted to multiparous women to evaluate the impact of number of births independent of both age at first birth and age at last birth; women with one birth had to be excluded because they have no variation in age at last birth within stratum of age at first birth. For the same reason, the analysis of age at first birth, controlling for age at last birth (and vice versa), was restricted to multiparous women.
The statistical significance of each pregnancy history variable was tested using a likelihood ratio test for trend, with the variable categorized in ordinal form. Because this test assumes a log-linear relationship between the odds ratio of endometrial cancer and the levels of the pregnancy history variable, we first tested for nonlinearity in this relation. To do so, we compared the model with the pregnancy history variable categorized as dummy variables to the model with the variable in ordinal form; if the models differed at a P value of 0.05 or less, the test for trend was not reported. All analyses were conducted in STATA/SE 10.1 (College Station, TX).
RESULTS
Women with endometrial cancer tended to have higher BMI and less education than control women (Table 1) . They were also more likely than controls to have used estrogen therapy, and were less likely than controls to have ever used oral contraceptives or to have ever smoked cigarettes (Table 1) .
Nulliparity was more common in cases (18%) than in controls (12%). Ever having a birth was associated with a 35% reduced risk of endometrial cancer (OR ϭ 0.65 ͓95% CI ϭ 0.53-0.79͔). When we compared women with one birth to nulliparous women, risk of endometrial cancer was lower in the women for whom that birth was at age 30 years or older (OR ϭ 0.49; 95% CI ϭ ͓0.31-0.78͔); there was little altered risk in women for whom the only birth had occurred before age 30 years (Table 2) .
Among parous women, there tended to be a greater reduction in risk as the number of births increased, up to and including 5 or more births (test for trend P ϭ 0.002; Table 3 ). This pattern was also present after adjustment for age at first birth (test for trend P Ͻ 0.001; Table 3 ) and after adjustment for ages at first and last birth in women with at least 2 births (test for trend P ϭ 0.006; Table 4 ).
A history of having an incomplete pregnancy was not associated to any appreciable degree with endometrial cancer risk ( Table 2 ) except among nulliparous women, for whom there was a suggestion of a decreased risk associated with 2 or more incomplete pregnancies. Compared with nulliparous women who had no incomplete pregnancies, the odds ratio was 0.95 (95% CI ϭ 0.54 -1.67) in nulliparous women with one incomplete pregnancy and 0.55 (95% CI ϭ 0.27-1.08) in nulliparous women with 2 or more incomplete pregnancies. Among parous women, the corresponding odds ratios were 1.02 (95% CI ϭ 0.84 -1.22) and 0.90 (95% CI ϭ 0.70 -1.16) after adjustment for number of births and age at first birth (data not shown).
Among women with at least one birth, older age at first birth was inversely related with endometrial cancer risk after adjusting for number of births (test for trend P Ͻ 0.001; Table 3 ). An inverse association persisted in women with at d Not applicable (N/A) because the test for nonlinearity of the log-hazard ratio was significant at ␣ ϭ 0.05. e An incomplete pregnancy was defined as a miscarriage at less than 20 weeks' gestation or an induced abortion. We did not have information on number of incomplete pregnancies for one control. Odds ratio adjusted for age, reference year, county, body mass index, receipt of higher risk forms of estrogen therapy, duration of use of oral contraceptives, and number of births.
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Pregnancy History and Risk of Endometrial Cancer least 2 births after additionally adjusting for age at last birth (test for trend P ϭ 0.004; Table 4 ). Because parity can be influenced by age at first birth (ie, women with an older age at their first birth have fewer reproductive years remaining compared with women who were younger at their first birth), we also evaluated the association between age at first birth and endometrial cancer risk without adjustment for parity. In this analysis, the decreased risk associated with older age at first birth was weaker than in the analysis where we adjusted for parity (Table 3) .
Older age at last birth was inversely related to endometrial cancer risk in women with at least one birth after adjusting for number of births (test for trend P ϭ 0.004; Table 3 ). However, among women with at least 2 births, an association was not present after additionally adjusting for age at first birth ( Table 5 ).
The associations with parity and age at first birth were not evident in women who had taken a high-risk form of estrogen therapy. The odds ratio comparing parous with nulliparous women was 0.69 (0.54 -0.87) in never-users of estrogen therapy and 0.86 (0.45-1.66) in women who had taken a high-risk form of estrogen therapy. The odds ratio comparing women who had their first birth at 30 years of age or older versus before 20 years of age was 0.44 (0.30 -0.64) in never-users of estrogen therapy and 0.90 (0.32-2.55) in women who had taken a high-risk form of estrogen therapy. In obese women (BMI Ն30 kg/m 2 ), who are another high-risk group, the results were similar to those overall. a Odds ratio for number of births additionally adjusted for age at first birth; odds ratios for age at first birth and age at last birth additionally adjusted for number of births.
b Odds ratio adjusted for age, reference year, county, body mass index, receipt of higher risk forms of estrogen therapy, and duration of use of oral contraceptives.
c Reference category. d Odds ratio adjusted for age, reference year, county, body mass index, receipt of higher risk forms of estrogen therapy, duration of use of oral contraceptives, and cigarette smoking.
e Not applicable (N/A) because the test for nonlinearity in the log-hazard ratio was significant at ␣ ϭ 0.05. f We did not have information on age at first birth for one case who had 4 births. g We did not have information on age at last birth for one case and one control.
DISCUSSION
There are some limitations of this study, and our results should be interpreted in the context of these limitations. Across the 4 studies, about 25% of eligible cases and a slightly larger proportion of eligible controls did not participate. Cases who did not participate included some women who died before they could be interviewed or were too sick to be interviewed. If pregnancy history were related to severity of endometrial cancer at diagnosis, our odds ratios could be biased (over-or underestimated) as a result of not having interviewed these women. Our odds ratios may also be biased (over or under-estimated) if the eligible controls who did not participate had different distributions of the pregnancy history variables compared with the women who did participate. Additionally, a history of incomplete pregnancy was plausibly underreported, due to social desirability bias. Case women may have been more motivated than control women to report an incomplete pregnancy, and in this scenario, any true decrease in risk due to an incomplete pregnancy would be lower than the estimate reported here. Last, although we adjusted for several factors strongly associated with endometrial cancer risk, uncontrolled confounding by unmeasured factors associated with both endometrial cancer risk and pregnancy history may have been present.
Ages at first and last birth tend to be correlated, yet only a small proportion of prior studies have evaluated the effect on endometrial cancer risk of age at first birth after controlling for age at last birth, and vice versa. In 5 studies 9 -13 that examined the association with age at first birth after adjusting for age at last birth (and parity), the risk estimates comparing the oldest category of age at first birth (Ն30 or Ն35 years) to the youngest category (Յ20 or Ͻ25 years) ranged from 0.66 to 0.84. As well, a stratified analysis of data from a cohort study showed that risk of endometrial cancer decreased with increasing age at first birth in strata defined jointly by parity and age at last birth.
14 In contrast, in another cohort study, the hazard ratio comparing women who were Ն35 to those 20 -24 years at their first birth was 1.16. 15 In that study, 15 and in 3 mentioned above 10, 11, 14 (two cohort studies 11, 14 and one case-control study 10 ), pregnancy history was ascertained using data from geographically defined population-based registries, and so confounding by endometrial cancer risk factors such as BMI, oral contraceptive use, noncontraceptive hormone use, and smoking could not be assessed and, if needed, adjusted for.
In our data, age at first birth was an important confounder in the relationship between age at last birth and endometrial cancer risk. Findings from prior studies on the relation between age at last birth and endometrial cancer, after controlling for age at first birth (and parity), are mixed. All 4 of the registry-based studies 10, 11, 14, 15 found an inverse association between endometrial cancer risk and age at last birth; the risk estimates comparing women in the oldest age at last birth category (Ն40) to those in a younger category (Ͻ25 or 25-29 years) ranged from 0.56 to 0.85. Findings from a stratified analysis of data from a cohort study were also consistent with an inverse association between age at last birth and endometrial cancer risk in strata defined jointly by parity and age at first birth.
14 Three studies 9,12,13 were able to control for factors such as BMI, oral contraceptive use, noncontraceptive hormone therapy use, and smoking history (in addition to age at first birth and parity). In 2 of the studies, one a population-based case-control study 9 and the other a cohort study, 13 there was no association between age at last birth and endometrial cancer risk; risk estimates comparing women in the oldest age at last birth category (Ͼ35 or Ͼ30 years) with the youngest category (Յ25 or Ͻ25 years) were 1.06 9 and 1.05. 13 In the third study, also a cohort study, the hazard ratio comparing women Ն40 years at their last birth to those 25-29 years was 0.58. 12 If the comparison group had been the youngest category of age at last birth (Ͻ25 years at last birth; HR ϭ 0.73), the hazard ratios would be 1.36 (ϭ1.00/0.73) for women 25-29 years of age, 1.16 (ϭ0.85/ 0.73) for women 30 -34, 1.05 (ϭ0.77/0.73) for women 35-39, and 0.79 (ϭ0.58/0.73) for women Ն40 years of age at their last birth. 12 At present, no firm conclusion can be drawn about the degree of the reduction in risk, if any, of an older age at last birth.
Findings from prior studies on the association between one or more incomplete pregnancies and endometrial cancer also are mixed. Five studies, 13,16 -19 including one cohort 13 and 4 case-control studies, 16 -19 found no association between a history of one or more incomplete pregnancies (variously defined as spontaneous or induced abortions, 13 spontaneous abortion, 16 -19 or induced abortion 19 ) and endometrial cancer risk. Six studies, 18,20 -24 including 2 cohort 20,23 and 4 casecontrol studies, 18, 21, 22, 24 found a decrease in risk; the risk estimates associated with a history of one or more incomplete pregnancies (defined as spontaneous or induced abortion 20, 21 ) were 0.69 21 and 0.85, 20 and the risk estimates associated with a history of 2 or more [22] [23] [24] or 3 or more 18 incomplete pregnancies (variously defined as spontaneous 22, 23 or induced abortions 18, 22, 24 ) ranged from 0.3 to 0.5. Adjustment factors varied across these studies; all adjusted for age, and some also adjusted for BMI (or weight), 13, 16, 17, 19, 21, 22, 24 use of oral contraceptives, 17, 19, 21, 24 use of noncontraceptive hormones, 16, 17, 19, 22, 24 smoking, 13, 19, 24 and parity. [17] [18] [19] [20] 22, 24 Some studies restricted their analysis to gravid women, 18, 20, 21, 23 but none stratified by nulliparity, as we did. Levels of progesterone, which arrests estrogen-induced endometrial cell proliferation and promotes endometrial cell differentiation, 1, 25, 26 increase throughout pregnancy. 27 One possible explanation of our finding of a decreased risk in nulliparous but not parous women is that, among parous women, who have been exposed to the high levels of progesterone that occur late in pregnancy, any additional impact on risk of a comparatively small increase in progesterone levels from an incomplete pregnancy is small or nonexistent. In contrast, in nulliparous women, the impact on risk could be greater because they had not previously been exposed to progesterone levels as great as those that occur during a term pregnancy.
In this study, we observed that an older age at first birth was associated with a decreased risk of endometrial cancer; and, beyond the impact on risk of age at first birth, there was no additional impact of age at last birth. We also found no appreciable association overall between a history of incomplete pregnancies and endometrial cancer risk. Although there was a suggestion of a decreased risk associated with 2 or more incomplete pregnancies in nulliparous women, no association was present in parous women.
